Red light given to dark-grown etiolated leaves of Hordeum vulgare L. in vio or to cnrde homogenates increases the phytochrome content of the 20,000g pelet on centrifugation. The steroids cholesterol and stgmasterol ihibit this red light-induced phytochrome pelletability. Filipin (a polyene antibiotic, which is known to combine with steroids) inhibits red lghtinduced phytochrome pelletabiElty. Fdipin and steroids at the appropriate concentration appie together prevent the inhibition caused by either when aplied aloe. These results suggest that phytochrome may bind to a steroid component of mranes. The phospholid pbophatidyl choline dipalmitoyl has no effect on red lght-induced phytochrome pelletability.
Red light has been shown to increase the amount of phytochrome associated with pellets obtained from crude tissue homogenates of many species (12, 15) . Quail (17) has proposed that phytochrome is electrostatically associated with pelletable material as indicated by its release on withdrawal of Mg2+ or exposure to high ionic strength. Although it is often assumed that phytochrome binds to membranes, there is as yet no evidence as to the nature of the putative binding site. The failure of Triton X-100 to release attached phytochrome suggests that the polar head groups of phospholipids do not play a direct role (17) . Roux and Yguerabide (20) and later Roux (19) suggested that association ofphytochrome with artificial membranes takes place only when the steroid cholesterol is included, no association occurring with membranes composed entirely of phosphatidyl choline or phosphatidylethanolamine. Steroids have also been implicated in the photoperiodic induction of flowering in Xanthium by Mitra and Sen (13) using filipin ( a polyene antibiotic) which affects membrane properties in different biological systems by its specific interaction with steroids (9, 10, 14, 22) . Filipin inhibited the induction of flowering and exogenous cholesterol abolished this inhibition (13) . The involvement of steroids in photoinduction of flowering has been reviewed by Grunwald (4) .
In this work we have investigated the effects of filipin, cholesterol, stigmasterol and phosphatidyl choline dipalmitoyl on the R3-enhanced phytochrome pelletability in vivo and in vitro. All manipulations were carried out at 0 to 3 C under a dim green safelight (8) .
MATERIALS
Irradiation. Detached primary leaves or homogenates were illuminated with 5 min R (661 nm) obtained from a 240-w quartziodine projector and interference filter (bandwidth at 50%o transmission 10.6 nm, irradiance 22 w 2).
Spectrophotometric Assays. Samples of 1 ml were dispersed with CaCO3 and phytochrome (MA) was measured in 3-mm path length cuvettes using measuring beams 730 versus 800 nm in a Perkin-Elmer 156 dual wavelength spectrophotometer. Actinic R and F was by means of a 240-w quartz-iodine projector and interference filters (R: 660 um, bandwidth 10.5 nm at 50%o transmission, irradiance 1.2 w m-2; F: 730 um, bandwidth 10.7 nm at 50% transmission, irradiance 1.3 2 w m2). Samples were maintained at 0 C throughout and results are expressed as means of at least two independent experiments. Protein was determined by the method of Lowry et al. (11) . AAPr/AAPfr ratios were determined from spectral scans carried out in a Perkin-Elmer 556 spectrophotometer equipped with base-line corrector (7) .
RESULTS
Irradiation with R in vivo and in vitro causes an approximately 2-fold enrichment of phytochrome in the 20 kp from homogenates of barley primary leaves (Table I) . This value is similar to the data obtained by Furuya and Manabe (3) for pea extracts and demonstrates quite clearly an increase in phytochrome pelletability on irradiation in vivo and in vitro. Before effects of cholesterol, filipin, stigmasterol, and phosphatidyl choline dipalmitoyl could be investigated in relationship to phytochrome pelletability, their effect on phytochrome denaturation in crude extracts was studied (Table II) . The compounds were added to crude homogenates of barley leaves in Honda medium (pH 8.0) and incubated for 30 min in darkness at 0 C. Samples were then irradiated with R and the inhibition of R-enhanced phytochrome pelletability observed bility. The effect of 13 ,ug/ml filipin is not nullified by 50 jig/ml when filipin and cholesterol are given alone (Table V) . Addition cholesterol and demonstrates the importance of the stoichiometry of one of these compounds to homogenates preincubated and of exogenous filipin and cholesterol for nullification of inhibiton irradiated with the other had no effect and phytochrome pelleta-brought about by either alone. Table VII shows that a similar bility was inhibited. This supports the conclusion that the presence interaction occurs with the steroid stigmasterol and filipin. The The involvement of membrane steroids in phytochrome binding and the photoinduction of flowering (13) suggests that phytochrome pelletability caused by R has physiological significance. The fact that filipin applied to the homogenization medium after R in vivo fails to inhibit the R enhancement of phytochrome pelletability tentatively rules out the possibility that the "in vivo inding" of phytochrome is merely a binding occurring in vitro. In other words, in vivo phytochrome binding appears to be more than simply a generation of the "potential to pellet" in vitro (17) . The similarity of response in vivo and in vitro to steroids and filipin points to a similar mechanism of binding in both cases. Since filipin is known to interact with steroids other than cholesterol and stigmasterol found in plant membranes (5, 9) we cannot state to which native steroid or steroids phytochrome binds.
Polyene antibiotics, including filipin, are known as channelforming ionophores. The channels they form depend on complexes with cholesterol and other steroids (16) . Hendrix and Higinbotham (6) have shown that filipin affects K+ uptake in pea epicotyl sections. Phytochrome modulates K+ fluxes in mung bean hypocotyl sections (1) and filipin can prevent the R-induced modulation in K+ flux (C. Brownlee, personal communication). Many other phytochrome-mediated physiological responses involve changes in membrane associated properties (21) . In model membrane systems phytochrome modulates membrane conductivity (20) . As a speculative hypothesis to stimulate further research we propose that the primary mechanism of phytochrome action is the formation of a Pfr-membrane steroid complex which acts as a native channel-forming quasi-ionophore.
